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ABSTRACT: 

A set of available investment assets is evaluated for inclusion in an efficient 
portfolio by treating certain asset characteristics as a probabilistic random 
variable, and averaging the resultant portfolios at each risk level. Next, each 
candidate portfolio at each risk level is modified to more nearly match a preset 
industry sector/investment style profile thus producing a well diversified 
efficient portfolio well matched to a user's desired risk level. 

8 Claims, 7 Drawing figures 
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DOCUMENT- IDENTIFIER: US 6275814 Bl 

TITLE: Investment portfolio selection system and method 
Abstract Text (1) : 

A set of available investment assets is evaluated for inclusion in an efficient 
portfolio by treating certain asset characteristics as a probabilistic random 
variable, and averaging the resultant portfolios at each risk level. Next, each 
candidate portfolio at each risk level is modified to more nearly match a preset 
industry sector/ investment style profile thus producing a well diversified 
efficient portfolio well matched to a user's desired risk level. 

Brief Summary Text (4) : 

The 1990 Nobel Prize for Economics was awarded for work published in the 1950s on 
the " portfolio problem" . The " portfolio problem" can be explained by considering 
two assets, A and B. Asset A has a particular risk and return associated with it. 
Asset B has a lower risk and a lower return. If an investor puts all his money into 
asset A he can expect the return and risk associated with the underlying asset. 
Similarly if he invests entirely in asset B he can expect the risk and return 
associated with that asset. However, what risk and return can be expected if he 
splits his investment between the two assets? 

Brief Summary Text (5) : 

The return and risk of a portfolio containing both asset A and B is a function of 
the included assets but the relationship is not necessarily linear. In fact for 
most real world assets certain portfolios containing both asset A and asset B can 
exhibit a lower risk for a given return than either of the underlying assets. The 
benefit of this type of diversification follows from the fact that the financial 
performance of the two assets are not directly linked to each other and in general 
are imperfectly correlated. The optimal mix of asset A and asset B lies along a 
curve called the " efficient frontier " . A methodology exists which can be used to 
compute the efficient frontier . The mathematics used to measure risk and return and 
to compute the frontier is discussed at length in numerous financial management 
textbooks, including Investments, authored by William F. Sharpe . However a brief 
explanation of the methods for measuring risk and return are useful to appreciate 
certain aspects of the present invention. 

Brief Summary Text (6) : 

In general, each financial asset has an associated risk and a corresponding return 
which must be defined for purposes of computation. To compare two assets a 
standardized measure of risk and return must be developed. The texts define alpha, 
beta, market return and risk free return. Beta is a normalized measure of asset 
risk. An asset which "moves" exactly in proportion with the market has a beta of 
1.0. An asset which moves only half as much as the market has a beta of 0.5. An 
asset which doesn't move at all has a beta of zero. Thus beta is a measure of the 
covariance of an asset's return compared with the market. Risk free return is the 
measure of return of a risk free investment such as U.S. treasury bills 
(beta=approximately 0.0). Return is defined as the percentage change in wealth over 
the holding period for the asset. Alpha is a measure of the amount by which the 
return on an asset exceeds the return of a market benchmark having the same level 
of risk as the asset. Many texts describe alpha as how "mispriced" an asset is. 
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Values for alpha are expressed as a percent per time period. 
Brief Summary Text (7) : 

It is well known that an "efficient" portfolio can be combined with a risk free 
investment to create an optimal portfolio at any defined level of risk. FIG. 1 sets 
forth these relationships in a graphical fashion. 

Brief Summary Text (8) : 

An efficient portfolio calculator can compute the efficient frontier for a 
portfolio of assets if the expected future values of these parameters are known or 
estimated. However, these efficient frontier calculations are quite sensitive to 
the values of the expected return attributed to the assets, as well to their 
correlation or covariance. 

Brief Summary Text (9) : 

For example, a problem directly associated with the conventional computation of 
optimal or efficient portfolios, is that an implicit choice is made between two 
assets having nearly identical risk but slightly differing returns. In this case, 
the classic computation will typically select the highest return asset only for 
inclusion in the portfolio, even though its expected return is not known with 
precision. 

Brief Summary Text (10) : 

It is also important to note that traditional efficient frontier calculations 
ignore, or accommodate only in an indirect fashion, other differences among assets 
having similar return and covariance attributes. For example, the industry sector 
grouping, or investment style (e.g. growth versus value) of the assets is not 
directly considered in creating the portfolio . Using the traditional efficient 
frontier calculation, a portfolio could be selected which lacks appropriate 
industry sector or investment style diversification, and which ignores assets with 
excellent but slightly suboptimal average expected returns. All of these 
shortcomings are undesirable. 

Brief Summary Text (11) : 

Thus a straightforward or obvious application of traditional portfolio theory to 
the selection of mutual funds to form properly risk-targeted, well -diversified 
investment portfolios is problematic. 

Brief Summary Text (13) : 

As set forth above the classic computation of the efficient frontier treats the 
expected return of each of the assets as a constant. In the present invention 
conventional portfolio computations are modified to permit the consideration of 
assets exhibiting a statistical variation in the value of the expected investment 
return. This permits the consideration and construction of multiple portfolios 
which lie in an efficient "zone" rather than on a precise efficient frontier . The 
methodology further refines the selection by averaging the set of zone portfolios 
to create a set of weighted average portfolios . The set of average portfolios is a 
benchmark that may be further modified in the methodology. For example the 
portfolio can be adjusted to ensure that a final recommended portfolio matches 
certain preset criteria which is illustratively set forth as the industry sector 
diversification of the market itself. 

Brief Summary Text (14) : 

Unlike classically computed efficient portfolios the present methods evaluate 
covariance, industry sector composition, and investment style (e.g. value versus 
growth, including P/E ratio and earnings growth rate) to compute portfolios which 
are not only very efficient, but are also appropriately diversified with respect to 
industry sector and investment style. 

Brief Summary Text (15) : 
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The preferred methodology of the present invention assumes an interaction with a 
user over a network such as the World Wide Web (WWW) . For purposes of illustration 
the system and methodology is described in this Internet context with mutual funds 
as the only asset available for inclusion in the portfolio . It should be 
appreciated that other vehicles or techniques can be used to interact with users, 
and that other investment assets, such as individual stocks and bonds for example, 
can also be incorporated into the asset mix. 

Drawing Description Text (3) : 

FIG. 1 shows a representation of the market line computation and the computation of 
an efficient portfolio as known from the prior art; 

Drawing Description Text (6) : 

FIG. 4 is a table showing a portfolio computed from the efficient zone; 
Drawing Description Text (7) : 

FIG. 5 is a table showing a portfolio computed from the efficient zone; and 
Detailed Description Text (2) : 

FIG. 1 shows a graphical representation of the prior art computation of an 
efficient set of portfolios based on two assets shown on the figure as point A and 
point B. This efficient set of portfolios can be combined with a risk free asset 
shown as point T to form a portfolio shown as point P which is made up from a 
mixture of asset A, asset B and asset T. This portfolio P has a risk shown as point 
RK and a return shown as point RT. Calculation of the frontier requires knowledge 
of the covariance matrix of the two assets, and an expected return for each asset. 
Most textbook presentations of this model use simple historical averages for each 
of these variables to compute the frontier. See for example Portfolio Selection by 
Harry M. Markowitz published by Yale University Press ISBN 0-300-01372-8 which is 
incorporated herein by reference, and note particularly the Appendix A which sets 
forth one technique for computing an efficient set. 

Detailed Description Text (3) : 

FIG. 2 is a graphical representation of an efficient frontier calculation in 
accordance with the invention, where certain of the input variables have been 
treated as a random probabilistic variables in a Monte Carlo simulation. Monte 
Carlo simulation techniques are well known throughout the computer industry and 
will not be further described. In this case, an index model is used to calculate a 
series of statistically valid expected returns for each asset. The current 
implementation of the invention uses a single index model incorporating alpha, 
beta, and the expected return on the market. It should be noted that multiple index 
models can also be used with the invention, and the covariances among the assets 
can also be treated similarly as random variables as well. By letting the alphas 
and betas and market returns vary statistically, and computing the efficient 
portfolio hundreds or thousands of times, a cloud of points 11 is produced typified 
by portfolio point 12. This cloud forms an "efficient zone" that can be averaged to 
create a set of baseline portfolios along line 10. It is important to note that 
this baseline set of portfolios line 10 is not necessarily the same as the classic 
efficient frontier . As seen in the figure, for any given risk level typified by 
risk bin 13 there are multiple portfolios that lie on or near the baseline 
portfolio line 10. These alternative portfolios have different assets in differing 
weights, based upon the constrained random simulation incorporating alpha, beta, 
and the expected market return. Several efficient frontier calculation methods, are 
available for the basic components of this type of calculation, and both 
specialized applications and spreadsheets can be used to implement the invention. 
The baseline portfolio line 10 is used to seed another computational model to 
further refine investment selection. For example portfolio point 14 lies on the 
average line 10 and is used to seed another computation giving rise to point 16 
below the average line 10, and at the same risk level as portfolio point 14. One 
example of this process is discussed in connection with FIG. 4 and FIG. 5. 
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Detailed Description Text (4) : 

Although treating each variable of the efficient frontier calculation as a 
statistically random variable is a useful way to model portfolios and to greatly 
enhance the value of the portfolios calculated, it is also possible to improve the 
method by making prospective extrapolations on the input variables, especially 
alpha. 

Detailed Description Text (5) : 

FIG. 3 is a chart displaying a time sequence of alpha values calculated for a 
single investment asset. The long term average value of alpha is shown as line. 30 
along with a 3 month moving average shown as line 32 and a six month moving average 
shown as line 34. It appears that at points on the graph where the 6 month moving 
average crosses the 3 month moving average alpha on the down slope (point 36) that 
the appropriate value of alpha for that asset should be lower than otherwise 
historically selected value. In a similar fashion if the 3 month and 6 month alphas 
cross on the upside (see point 38) then the appropriate value of alpha should be 
increased. This modification of alpha expectation or short term alpha prediction 
can improve the performance of the portfolios calculated to create the efficient 
zone 11 (see FIG. 1) . This is just one of many methods for improving the near-term 
prediction of alpha. It should also be apparent that similar techniques can be used 
for the other input variables of the efficient frontier calculator without 
departing from the scope of the invention. 

Detailed Description Text (6) : 

FIG. 4 is a table which shows one efficient portfolio computed at the 10 0 percent 
market risk level on the average line 10 at point 14. The assets in this portfolio 
are partitioned by percentages and the beta for the overall portfolio is shown in 
the table 19 (corresponding to box 18 in FIG. 2) . In general the computation will 
proceed to compute corner portfolios in the conventional fashion and calculate the 
portfolios at other risk levels from the corner portfolios . There are two aspects 
of this portfolio that can be noted and which are addressed by the methodology. 
First the portfolio beta for the portfolio of point 14, which has been generated as 
the results of the previously discussed Monte Carlo simulation, is only 0.92 and it 
should be closer to 1.0 given the position of the portfolio along the risk axis. 
Second, the assets present in the portfolio are not necessarily appropriately 
diversified across industry sectors and investment styles. For example the given 
portfolio may be over or under invested in one or more industry sectors. It is one 
aspect of this methodology to force the recommended portfolio composition to 
reflect a preset or predefined industry sector and/or investment style profile-. In 
the present implementation of the methodology the recommended portfolio is forced 
to more nearly match the industry sector diversification of the overall market 
itself. This may be accomplished in one of several ways including the use of the 
solver function of the Excel spreadsheet. In general a statistically efficient 
portfolio, for example the portfolio of point 14; is used to seed a solver 
spreadsheet which has industry sector and investment style diversification 
parameters set forth. The spreadsheet attempts to reallocate percentages of the 
investment assets to fit the portfolio within the desired diversification profiles, 
while at the same time maintaining the desired risk level and beta, as well as 
maximizing the expected return on the entire portfolio . 

Detailed Description Text (7) : 

FIG. 5 is an example of a rebalanced portfolio shown as a table 17 which 
corresponds to the point 16 on FIG. 2. This portfolio in general has most or all of 
the same assets as the point 14 portfolio but alters the amounts to more nearly 
reflect the industry sector diversification of the market itself, or another pre- 
defined sector diversification profile. 

Detailed Description Text (8) : 

The methodology described above can be used in a variety of ways. However it is 
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expected that the intensive research and computation required to carry out the 
invention makes a network based implementation most advantageous. FIG. 6 shows a 
user 40 operating a computer 42 coupled to a remote computer 43 over a network 44. 
Such a network-based implementation also enables the user to interact in real time 
with the process, modifying assumptions (e.g. desired risk, sector/style balance, 
and expected market return) , and receiving a revised portfolio to reflect these 
changes. The preferred approach is set forth in the flow chart of FIG. 7 which 
starts with a client interview at block 50. The client interview asks questions 
which permit the appropriate selection of a risk bin for the client at an 
appropriate position along the risk axis. The client interview also determines 
which assets are available to the user for inclusion into portfolios . From the 
perspective of the invention it is important to note that all the funds or other 
assets are treated according to a uniform methodology to rank the funds with 
respect to investment style, diversification, beta, and P/E. The actual methodology 
used for the initial screening is less significant than the fact that all funds are 
treated the same. This involves a subjective selection of candidate mutual funds 
from the existing collection of over 6,000 mutual funds. This winnowing or 
screening process is automated to ensure that the selected set of mutual funds 
reflect those options which are available to the investor, e.g. in a 401 (k) 
retirement plan. Various subjective factors are evaluated as well. In general fund 
manager tenure and experience is evaluated. The size of the fund, expenses, its 
industry sector diversification and past performance versus risk incurred are all 
evaluated. The selection process reduces the candidate set of funds to 
approximately fifty to one hundred funds. 

Detailed Description Text (9) : 

Next this set of funds is examined in detail. The alphas and betas are computed for 
these funds, based upon publicly available information. These computations are 
automated and are used to assign a return and a risk to each asset, which are then 
used in the modified Efficient Frontier simulation of FIG. 2. This portion of the 
process occurs in block 52 . In block 54 the average portfolio used to seed the 
optimization process is formed as illustrated in FIG. 4. 

Detailed Description Text (10) : 

In block 56 the optimization of portfolios across industry sectors and investment 
style are built for each of several defined risk levels and mutual fund programs. 
The user is then served with a recommended list of mutual funds which lie on or 
near the efficient frontier and are appropriately diversified across industry 
sectors and investment styles in block 58. 

Other Reference Publication (1) : 

Clarke et al : "Tracking errors, regret and tactical asset allocation"; Spring 1994, 
Journal of Portfolio Management, v20, n3 , p. 16.* 

Other Reference Publication (2) : 

Chow : "Portfolio selection based on return, risk, and relative performance"; Mar. - 
Apr. 1995, Financial Analysis Journal, v51, n2 , pp. 54-60.* 

CLAIMS : 

1. A process for selecting an investment portfolio with the aid of a computing 
machine comprising the steps of: 

a) selecting an initial set of assets; 

b) predicting a value for alpha for each asset defining a parameter; 

c) computing with a computer, a standard deviation of each alpha for each candidate 
asset defining a parameter; 
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d) computing with a computer a standard deviation of each beta for each candidate 
asset defining a parameter; 

e) positing a market return for the market as a whole, and computing a standard 
deviation of the market return for a holding period defining a parameter; 

f) computing with a computer the expected return of each asset over the holding 
period defining a parameter; 

g) computing with a computer the covariance matrix of the assets defining a 
parameter; 

h) applying the parameters to an efficient frontier calculator, to determine a' set 
of corner portfolios based upon at least one of said parameters being treated as a 
random variable; 

i) constructing a market line using the corner portfolio and the risk free asset; 

j) identifying an average efficient portfolio for each of the multiple risk levels 
defined along the a risk axis, by specifying the weights of assets within each of 
said portfolios . 

2. The process of claim 1 further comprising the step: 

k) adjusting the weights of the assets in each efficient portfolio to optimize the 
level of industry sector and investment style diversification in the portfolio, so 
as to maintain the portfolio at a position on or near the efficient frontier and at 
the desired risk level. 

4. A process for selecting an investment portfolio comprising the steps of: 

a) interviewing a user through a local client software application to select an 
initial set of funds based upon criteria, wherein at least one criteria is selected 
from the set of; 

i) industry sector; 

ii) investment style; 

iii) P/E ratio; 

iv) earnings growth rate 

v) fund manager tenure and experience; 

vi) fund size; 

vii) fund expenses; 

viii) recent risk-adjusted performance 

b) comparing a first current alpha for each fund with a historical alpha for each 
fund and determine the short term versus long term alpha relationship to generate a 
set of candidate funds, and assigning an expected alpha for each of said candidate 
funds ; 

c) computing a standard deviation of each alpha for each candidate fund; 

d) computing a standard deviation of each beta for each candidate fund; 
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e) positing a market return and computing a standard deviation of the market return 
for a holding period; 

f) computing the expected return of each fund over the holding period; 

g) computing the covariance matrix of the assets; 

h) applying the parameters to an efficient frontier calculator, to determine a set 
of corner portfolios based upon said parameters being treated as probabilistic- 
random variables; 

i) constructing a market line using the corner portfolio and the risk free asset; 

j) identifying an efficient portfolio for multiple risk levels defined along the 
risk axis 

k) adjusting the weights of the funds in each efficient portfolio to optimize the 
level of industry sector and investment style diversification in the portfolio, 
whereby the portfolio is maintain the portfolio at a position on or near the 
efficient frontier and at the desired risk level. 

5. A process for selecting an investment portfolio for an investor comprising the 
steps of : 

identifying a risk level for the investor, expressed in relation to market risk; 

selecting an initial set of assets available to the investor for investment based 
upon at least the criteria of, 

industry sector; 

recent risk-adjusted performance; 

computing and comparing a recent alpha for each asset with a historical alpha for 
each asset and comparing the short term versus long term alpha relationship to 
generate a set of candidate assets, and assigning an expected alpha for each of 
said candidate assets; 

computing a standard deviation of each alpha for each candidate asset; 

computing a standard deviation of each beta for each candidate asset; 

positing a market return as a random variable and computing a standard deviation of 
the market return for a holding period; 

computing the expected return of each asset over the holding period; 

computing with an efficient frontier calculator, a set of corner portfolios based 
upon said parameters being treated as random variables to approximate observed real 
world returns; 

constructing a market line using the corner portfolio and the risk free asset; 

identifying an efficient portfolio at the risk level identified for the investor; 

adjusting the weights of the assets in the efficient portfolio to optimize the 
level of industry sector and diversification in the portfolio, while maintaining 
the portfolio on or near the efficient frontier at the desired risk level. 

6. A system for providing real time interactive investment advice to a user (40) 
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comprising : 

a network (44) including a computer (42) for use by a user (4 0) and a remote 
computer (43) ; 

a client interview process (50) for selecting a set of assets available for 
investment, and for determining the appropriate risk level for the user; 

a process (52) for computing a set of efficient portfolios for the assets; 

a process (54) for computing average baseline portfolios for the assets; a process 
(56) for re balancing said set of portfolios to include assets in pre-defined 
industry sectors generating a portfolio with a risk value near said efficient 
portfolio ; 

a process for transmitting portfolio recommendations to said user (40) . 

8. The system of claim 6 wherein process for re balancing includes selecting a less 
efficient portfolio (16) with approximately the same risk level of a more efficient 
portfolio (14) when said less efficient portfolio (16) exhibits more sector 
diversification, for presentation to said user (40) . 
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